It has been predicted that dilepton production may be used as a quark-gluon plasma probe. We calculate the rapidity distributions of thermal dileptons produced by an evolving quark-gluon plasma assuming a longitudinal scaling expansion with initial conditions locally determined from the hadronic rapidity density. These distributions are compared with Drell-Yan production and semileptonic charm decays at invariant mass M = 2, 4, and 6 GeV.
One of the challenges in ultrarelativistic heavy ion physics is to differentiate the thermal signatures of a quark-gluon plasma from particles produced in the initial nucleonnucleon interactions. In order for dilepton production to be a useful plasma probe one must then distinguish between thermal production and the significant 'background' dilepton production from initially produced Drell-Yan and charm pairs. We focus on the rapidity distributions of lepton pairs in the mass region between 2 ≤ M ≤ 6 GeV where thermal production could be competitive with initial dilepton production. We also show that thermal charm production is significant. The rapidity distributions from Drell-Yan production in a central Au+Au collision are shown in Fig. 1 (a) for RHIC energies and 1(b) for the LHC. At RHIC, the rate rises slightly for M = 2 GeV and stays fairly constant over three units of rapidity even for M = 6 GeV. It drops off steeply at the kinematic limit. At the LHC, the rate rises somewhat over four units of rapidity for all masses. This effect is most prominent at the LHC for M = 2 GeV where x b ≤ 0.00032 and x a ≥ 0.00032. The sea-sea term in eq. (1) is the dominant contribution and increases slightly since x b remains near the small x limit of the structure functions while x a increases with y. The first sea-valence contribution in eq.
(1) increases with y but the second decreases because a small decrease in x b leads to a fast decrease of x b v(x b ). Thus the total Drell-Yan rate increases with y by ≈ 30 percent.
The charmed hadron production cross section in a nucleon-nucleon collision is [2, 3] 
where subscripts a and b represent the incoming partons, 1 and 2, the charmed quarks, and 3 and 4, the charmed hadrons. The function D(z) describes the fragmentation of the charmed quarks into hadrons. In ref. [2] it was shown that charm hadroproduction is best described by the assumption that the charmed quark loses no momentum during hadronization, i.e. D(z) = δ(1 − z). Given this, e.g. p 1 = p 3 , but y 1 = y 3 . (A fragmentation function assuming some momentum loss results in a more central rapidity
where q(x) and g(x) are the parton distributions [1] . For the explicit subprocess cross sections, see e.g. ref. [4] .
We assume no intrinsic p T for the light quarks and use four-momentum conservation to integrate over x a and x b . Then the number of charmed hadrons produced in a central
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where M DD and y DD are the mass and rapidity of the DD pair. The uncertainty in the magnitude of the charm production cross section from a lowest-order calculation results in K ∼ 2 − 3. The shape of the rapidity distribution is relatively unaffected by next-toleading order corrections [5] . Since pA measurements [6, 7, 8] 
where X is either a photon or pion.) Given a DD pair with mass and rapidity distributed according to eq. (4), the decay to dileptons is performed. The pair is first assigned a transverse momentum and polar angle using a parametrization of the charm pair correlation data of ref. [9] . Then the two D's are semileptonically decayed according to the lepton energy spectrum reported in ref. [10] . At high energies and for large nuclei more than one DD pair may be produced so that the detected charm decay leptons may be uncorrelated.
The charmed hadron rapidity distributions are shown in Figs order results [5] ). Measurements suggest that charm decays are important in the dilepton spectrum at M = 2 GeV at SPS energies [11, 12] . Fermilab experiment E789 at 800 GeV observed that the dilepton continuum at M < M J/ψ is much greater than expected from Drell-Yan alone, indicating that the dominant background may be due to charm decays [13] . A judicious choice of kinematic cuts can reduce the charm acceptance relative to that of Drell-Yan. Drell-Yan pairs are produced with equal but opposite transverse momentum with p T < M while the transverse momenta of the leptons from charm decays are only weakly correlated. This is discussed in more detail below.
We have not included shadowing of the nuclear structure functions in our calculation.
Shadowing would lead to a depletion of both the charm and Drell-Yan cross sections in the very low x b region. The effect is strongest at small y since both the beam and target distributions are shadowed, leading to a faster increase of the Drell-Yan rate with y. Aside from the uncertainties in the rates due to shadowing, it is important to note that the nucleon structure functions have not yet been measured in the LHC x region and are also not well known for RHIC. HERA will study the region 10 −5 ≤ x and Q 2 > 10 GeV 2 .
Since extrapolations of the measured structure functions to the low x region differ widely, the HERA results could, by favoring some models over others, lead to significant changes in the calculations of σ DY and σ DD . For example, using KMRS B0 [14] , a higher-order set of structure functions with a larger sea quark contribution at low x, increases the Drell-Yan cross section by a factor of two. Early results from HERA favor sea quark and gluon distributions that increase as x → 0, suggesting that, particularly at LHC energies, QCD calculations are quite sensitive to the choice of structure functions [15] .
Thus far we have been considering the expected background to the thermal dileptons, now we discuss the signal itself. At RHIC and LHC it is reasonable to expect the longitudinal expansion to follow the scaling law, v z = z/t, so that the initial density is related to the final multiplicity distribution by
The multiplicity distribution is parametrized as
where (dN/dη) 0 is the total multiplicity at η = 0 and σ is the width. At RHIC energies, |η| ≤ 6 and we choose (dN/dη) 0 = 2000 while for the LHC |η| ≤ 8 and we take (dN/dη) 0 = 5000. Assuming that the Gaussian shape extends to the kinematical limit, the energy sum rule is saturated for σ ∼ 3 at RHIC and ∼ 5 at LHC. This form as well as the scaling properties of the longitudinal velocity must, of course, break down at rapidities close to the phase space limit [16] where the densities become too small for thermal production to be observed.
The dilepton emission rate is [17, 18] 
where M, p T , m T , and y are the mass, transverse momentum, transverse mass, and rapidity of the pair and η is the rapidity of the medium with temperature T . In a plasma,
q , while in an equilibrium hadron gas, assuming ππ
The mixed phase has a fractional contribution from each. After integration over p T , τ , and transverse area, the rapidity distribution for a given dilepton mass is
, where x = M cosh(η−y)/T , s i is the initial entropy density and s Q and s H are the entropy densities of the plasma and the hadron gas at the transition temperature T c .
We neglect the transverse expansion and describe the properties of the matter in the longitudinal direction only. Transverse expansion mainly affects the hadron gas phase and the later part of the mixed phase [19, 20] . If the transverse expansion is included, the contribution from the hadron gas phase is negligible for M ≥ 2 GeV except at large rapidities where the initial density is too low to produce a plasma.
As defaults, we assume a three-flavor plasma and a hadron gas of massless pions with T c = 200 MeV and T dec = 140 MeV. Then
where γ k is the number of degrees of freedom with γ H = 3 and γ Q = 16 + 21n f /2 and n i = s i /3.6. The beginning of the mixed phase occurs at
The initial plasma content of the mixed phase is
The beginning of the hadron phase is then
We have used three different hypotheses to fix T i and τ i . First we assume a fixed initial time, τ i ≡ 1 fm. We then define dN/dη| Q = πR
A n H τ i , and
If dN/dη > dN/dη| Q the system begins in the plasma phase and
If dN/dη| H < dN/dη < dN/dη| Q , the system begins in the mixed phase. If dN/dη| dec < dN/dη < dN/dη| H , it begins in the hadron gas with
There is no contribution if dN/dη < dN/dη| dec . The maximum initial temperature, T i,max , obtained with a fixed initial time is the lowest of all three hypotheses. In this case we find T i,max ∼ 255 MeV at RHIC and 350 MeV at the LHC.
As an alternative way of determining the initial time τ i and temperature T i , we use the bound τ i E i ≃ 3τ i T i = C ≥ 1 from the uncertainty relation. We consider two cases, C = 3 and C = 1, where the latter gives an absolute lower bound on τ i and an upper bound on T i . Resent results from the parton cascade model [21] and estimates of gluon thermalization [22] give some support for a short formation time. In this case, the initial temperature of the plasma is
If T i ≤ T c , then the formation time is again fixed to be τ i = 1 fm and the system begins in the mixed phase or hadron gas, according to the multiplicity, as before. When C = 3, we find T i,max ∼ 300 MeV at RHIC and 465 MeV at the LHC. Using C = 1, we have T i,max ∼ 515 and 810 MeV respectively, similar to the results of ref. [23] .
In Fig. 3 we show thermal dilepton production at RHIC for M = 2 GeV (dashed) and C = 1 (dot-dashed) are given. Dilepton production by the plasma is most important at central rapidities where the initial temperature is greatest. Including the mixed phase and the hadron gas broadens the rapidity distributions. Without transverse expansion, the lifetime of the hadron gas phase at central rapidities, where the initial density is high, becomes very long (of order 80 fm when T i ∼ T i,max ) and its contribution to the thermal pair rate dN/dMdy is thus unphysically large. At higher rapidities, the calculated hadron contribution is more physical since the initial density is too low to form a plasma and the effects of transverse expansion remain small. In Fig. 3 We have also varied our inputs to see how the rapidity distributions are affected.
Increasing the hadron degrees of freedom reduces the mixed phase and hadron gas contri- If C = 1 represents the more physical situation, one might expect a significant amount of thermal charm production since T i,max ∼ (1/3 − 1/2)m c . The importance of thermal charm production has previously been suggested [22, 24] . For completeness, we also estimate the rapidity distribution of dileptons from thermal charm production. The thermal cc production rate is
where v rel is the relative velocity of the thermal partons,
We use a Boltzmann distribution for the incoming partons, as before. Following ref. [24] , we write the charm production cross section as
where the quark and gluon degeneracy factors are γ q = 3 × (2 × 3) 2 for three quark flavors and γ g = (2 × 8) 2 /2 (the factor of 1/2 is to prevent double counting) [24] . The cross sections are given in ref. [25] . We consider only production from the plasma phase for this case since the later stages of evolution do not have sufficiently high temperatures to provide significant thermal charm production. We have not included charm fragmentation since this has only a minor effect on the rapidity distribution as compared to that of the source. Therefore, we may simply write
The resulting distributions are similar in shape to the thermal dileptons but broader than the initial charm production. Thermal charm production is comparable to that in the initial nucleon-nucleon interactions. In Figs Although the initial charm contribution is very large, it may be possible to separate it from the thermal dilepton and Drell-Yan contributions. At RHIC eµ coincidence measurements could prove useful. Charm was first measured by this method at the ISR [26] and such coincidence measurements are planned at RHIC [27] . Opposite sign eµ pairs from decay of two charmed particles are correlated if only one DD pair is produced in an event, which is the case for pp and light ion collisions at RHIC. If α = 1 in eq. (4), up to five primary DD pairs could be produced in Au+Au collisions, yielding uncorrelated eµ pairs. The production rate of Drell-Yan and thermal dilepton pairs is much less than one pair per event so uncorrelated eµ production from these processes is very unlikely.
However, thermal charm may be important if the thermalization time is short, and cause significant additional production of uncorrelated eµ pairs. Pairs of like-sign electrons may offer a better measure of charm production if more than two DD pairs are produced per event. This is probable for all ion species in the LHC environment, where eµ coincidence measurements will not be possible in any case [28] .
Figs. 5 and 6 suggest a very large correction to the measured dilepton distributions if subtraction of the charm contribution is attempted. However, these figures do not include the experimental acceptance, smaller for leptons from charm decay than for Drell-Yan or thermal dileptons. Table 1 shows the acceptances in the muon channel of the RHIC PHENIX detector at M = 2, 4, and 6 GeV and y = 2. The Drell-Yan and thermal acceptances are from four to twenty times larger than for the charm decay leptons [27] .
Consequently, the thermal and Drell-Yan contributions do not represent only a few percent of the total dilepton yield and subtraction of the charm contribution may thus be feasible. This is illustrated in Table 2 which shows the ratios of the cross sections without, then with the effects of acceptance. It is important to note that in the case of dileptons from uncorrelated charm decays, the acceptance drops by another factor of nearly two due to the larger rapidity difference between the leptons. It should be possible to optimize a rapidity cut to further discriminate against dileptons from uncorrelated charm. Whether such a cut can be used to reject a majority of the combinatorial lepton pairs from uncorrelated charm can only be addressed for specific detector geometries.
If it is possible to reliably remove the charm decay contributions to the dileptons, the significant differences between the rapidity distributions of thermal and Drell-Yan dileptons could be measured. The Drell-Yan contribution grows slightly with y while the thermals decrease with y. The correlation of thermal production with the hadronic multiplicity and the effect of shadowing on Drell-Yan should lead to opposite trends in the mass number dependence of these two contributions. Stronger shadowing for higher mass nuclei favors the larger y region for Drell-Yan pairs. Increasing the mass number should narrow the rapidity distribution due to the stronger stopping and consequently also narrow the thermal dilepton distribution. The shape of the distributions in the central several units of rapidity should thus provide an indication of the dilepton source.
A significantly broad rapidity and mass coverage at RHIC and LHC would allow such a study.
In summary, we have calculated the rapidity distributions of dilepton production from various sources in heavy ion collisions at RHIC and LHC. The calculated distributions cover four or more units of rapidity, suggesting the contributions to dilepton measurements over a wide range of rapidities. A large experimental rapidity coverage is desirable to allow a search for variations in the shape of the dilepton rapidity distributions in pp, pA and AA collisions. Charmed particle decays into leptons are very important, but the kinematics of the charm decays differ from that of thermal or Drell-Yan dilepton production. Consequently the acceptance of realistic detectors makes the charm background which must be subtracted to study the thermal dileptons more tractable. Furthermore the significant production of thermal charm may offer a novel way to study the collisions, since the rate is comparable to direct thermal dileptons. Experiments could search for broadening of the dilepton distribution in AA collisions after fixing the level of charm production in pp interactions.
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